T he Arctic Institute of North America (AINA) was created by an Act of Parliament in 1945. Its mandate is to advance the study of the Arctic through the natural and social sciences, the arts and humanities and to acquire, preserve and disseminate information on physical, environmental and social conditions in the North.
The Kluane Lake Research Station (KLRS) is managed and operated by AINA. Established at the south end of Kluane Lake in 1961, it supports the activities of scientists in disciplines such as glaciology, geomorphology, geology, biology, botany, zoology, hydrology, limnology, climatology, high-altitude physiology, anthropology and archaeology. This diversity, as well as the high calibre of work accomplished, has created a legacy unique in Canada. AINA provides support and access to the facility, but it does not design or supervise the research. KLRS attracts researchers and field schools from across Canada and around the world. Funding from the Natural Sciences and Engineering Research Council of Canada (NSERC) supports operation of KLRS.
Winter at the Kluane Lake Research Station, Mile
Beginnings Early in my research career undergraduate students were asking how they could become involved in northern research so in 1973 I persuaded my Department (Geography) at the University of Ottawa to grant course credit, under the title 'Field Research in Northern Canada', to students working with me on my research projects in the southern Yukon.
The objectives of the course were:
• To provide students with field experience in a remote location in the North • To provide an environment where they would be working on an ongoing research project • To encourage students to develop their own projects • To provide a transition into post graduate programs
Environme nts
From 1974 to 1980 students participated in rock glacier and hydrology research in Grizzly Creek. A helicopter crash in 1979 followed by a grizzly encounter in 1980, events which became connected in northern folk lore, forced a relocation of research from Kluane National Park to Gladstone Creek and Talbot Creek in the Ruby Range. Research and the field course returned to the St. Elias in 1986 with 3 years at an icedammed lake site in the Kaskawulsh Basin and 3 years at a tributary glacier in the Maxwell Creek Basin. In 1992 the focus was on rock glaciers and mass movement in another tributary of Maxwell Creek, an excellent field site if for no other reason than the drainage being subsurface and creek crossing was not a factor. This brought the remote field site emphasis to an end. Rising logistics costs forced a reevaluation of the course and at this time it became possible to use Kluane Lake Research Station as the base for the program rather than just the logistic hub.
Participation gradually increased from 1983 to a peak year of 22 students in 1999. This was too much of a strain for the camp, the camp manager, and for myself without TA support and from 2000 to the present enrolment has been kept to 12 -15 students per year. In 2001, after the successful opening of the Icefield Discovery Eco-tourism Camp at the base of University of Ottawa Field School, 1974- Mount Queen Mary, 5 of the students went to this camp for a few days to test the potential for a field course on the glacier. In 2002 a Glaciology course was proposed to run for 10 days in June after the course at Kluane Lake. It was initially expected that an enrolment of 5 students might be attracted to this course, because of the extra cost and the unknown of working with a number of inexperienced students for 10 days in this environment. When the snowflakes had settled 10 students participated and the enrolment has continued at this level through 2005.
Map (above): Fieldwork Locations of the
At Kluane Lake Research Station the course has focused on the hydrology of mountain streams and on lake environments. The former has introduced students to the challenges of working in a dynamic, and cold, environment and demonstrates the diurnal and seasonal variability of stream flow. The latter has combined introduction to palaeo-limnology with measurement of current lake conditions in three small lakes easily accessible from the base.
Training
The importance of the training can be illustrated statistically but also from the reactions of participants. Statistically more than 65% of the students have continued into post graduate study, with most of these in natural and physical sciences in the North. On a personal level the experience remains with the students for a lifetime and has been a major influence on careers and lifestyles. A number of the participants have become permanent residents of the North and some lifetime partnerships have developed between students. (peterj@uottawa.ca) dependent decline in physiological function. Stress is a fundamental reality of existence and coping with it is crucial if we are to survive and get old. A declining ability to deal with stress, and thus in maintaining homeostasis, may play a major role in the physiological decline that accompanies aging. Laboratory rodents are central models in the research to understand how and why aging occurs, particularly as it applies to humans. A key finding, based heavily on the laboratory rodent model, is that aging animals show a marked deterioration in the ability to maintain homeostasis caused by an increasingly hyperresponsive and dysfunctional hypothalamicpituitary-adrenal (HPA) axis. But does this occur in wild animals that have been selected to deal with a world that is infinitely more challenging and difficult than the benign conditions of the laboratory cage?
To test these ideas, we conducted two studies on wild microtines, the vole and lemming family. First, in the meadow vole (Microtus pennslyvanicus), a species that occurs throughout central and northern North America, we tested whether male meadow voles maintained in the lab showed any deterioration in their ability to handle stress over a 12 month period. Typically the summer breeding season lasts about 6 months in southern Ontario before winter sets in and all breeding animals die. Hence, to maximize fitness, males should live about that long to maximize their reproductive opportunities. The HPA axis changed markedly over the study, but only after 6 months of age. After 6 months, baseline levels of corticosterone (the major stress hormone in voles) declined, response to a stress challenge (restraint) was reduced, and recovery from the challenge was attenuated. The changes we observed were virtually opposite that of what has been seen in relatively unstressed laboratory rats. Thus male meadow voles showed strong evidence of deterioration in the HPA axis, but only after 6 months of age, the maximal reproductive lifespan in nature.
Second, Quinn Fletcher (a masters student) and I examined whether free-ranging northern red-backed voles (Clethrionomys rutilus) from the Yukon, Canada, showed any evidence of deterioration of their stress axis over time. Their breeding season is typically only about 3-4 months at this latitude. We examined the ability of male voles to respond to, and to recover from, a stress challenge and we examined what changes occurred at the level of the brain (the hippocampus, hypothalamus, and pituitary). Over the breeding season, we found no change in either the ability to handle stress or in the brain. We conclude that the HPA axis in the natural world is essential for survival given the extreme ecological pressures these animals face on a daily basis; any significant deterioration would rapidly be followed by death. 
Websites of Interest Websites of Interest Websites of Interest
Arctic Institute of North America http://www.arctic.ucalgary.ca Our own website has been updated. Find information about AINA, listings of news, media, and events, profiles of research and education programs, and links to publications and collections, including the ASTIS database, the journal Arctic, an art collection, and photographic archives.
US Snow and Ice Data Center
http://nsidc.org/data/g00472.html The US National Snow and Ice Data Center (NSIDC) has an online glacier photograph collection exceeding 3,000 images. Images of glaciers in the St. Elias Mountains include photographs by Walter Wood and Austin Post. You can search and order the highresolution TIFF images, or download the lower-resolution JPEG images.
INSTAAR Alaska Climate Animations
http://instaar.colorado.edu/QGISL/AGCA/ Monthly weather station data from 1961-1990 from across Alaska was used to create mapbased animations for temperature and precipitation. The animations reveal patterns in both time and space related to the seasons, latitude, elevation, coastal effects, and rain shadows. V isitors to the St. Elias Mountains who have been lucky enough to view the spectacular landscape from the air may have noticed the prominent mounds of fresh, rocky debris that fringe many glaciers in the region. These landforms, termed moraines by glacial geologists, were deposited when colder temperature, increased snowfall, or a combination of both factors caused many glaciers to advance. The most recent period of widespread glacier advance, which took place about 500 to 150 years ago, saw many glaciers in the Kluane region advance to their farthest downvalley positions since the end of the last ice age. This recent period of worldwide glacier advance has been affectionately termed the Little Ice Age.
In the Kluane region, the foundation for contemporary studies of past glacier fluctuations was laid in the 1960s, when geologists working with the Icefield Ranges Research Project explored moraines at several sites in the St. Elias Mountains. At Kaskawulsh and Donjek glaciers, two large glaciers in Kluane National Park, George Denton discovered tilted logs protruding from the outermost moraines. Establishing the time of death for logs caught up in glacial sediments is important to geologists because this provides a maximum age for the glacier advance that deposited the sediments (ie. the glacier could not have been advancing over a particular site prior to the kill date of the log). In some cases, for example where trees are tilted and killed by deposition of a moraine, the kill date of the tilted tree provides a direct age for the glacier advance. Denton and his colleagues used radiocarbon dating to estimate when the trees where killed, and thus when Donjek and Kaskawulsh glaciers were advancing.
However, radiocarbon dates yield a broad range of possible calendar dates once inherent errors and assumptions in the method are taken into account. For example, a radiocarbon age of 270±60 years ago means that, in the absence of other evidence, the dated sample could be anywhere from about 530 to 50 years old! Geologists and climate scientists require more precise knowledge of the timing of glacier fluctuations in order to further understand how they relate to climate change. With this in mind, I teamed up with John Clague of Simon Fraser University to try to re-locate the tilted logs that George Denton discovered at Kaskawulsh Glacier. To our surprise, in addition to several of Denton's radiocarbon dated logs, we located several new tilted logs that were clearly buried, tilted, and killed by deposition of Kaskawulsh Glacier moraines. We dated the logs using tree-ring crossdating, a wellestablished technique that, in brief, matches patterns of tree ring-width of an undated sample to a reference data set composed of ring-width measurements from many living trees. After careful measurement of tilted log ring widths at Dan Smith's lab at the University of Victoria, Brian Luckman and Richard Van Dorp, at the University of Western Ontario, crossdated the samples using a 1000+ year set of ring-width data compiled from a site near the south end of Kluane Lake. This long reference chronology is made possible by inclusion of long-dead logs, such as snags and driftwood, which were deposited when Kluane Lake water levels were much higher than present. We were able to confidently crossdate six tilted spruce samples that had outer ring years that ranged from AD 1671 to 1757. The earliest ages are probably the result of trees that were killed when the glacier was advancing just shy of its maximum limit and subsequently transported and deposited in the moraine debris. Alternatively, the tilted trees may have originally been standing snags that had been dead for some time prior to deposition of the moraine. At one location, three tilted logs, one of which included bark, had kill dates between AD 1752 and 1757, suggesting that Kaskawulsh Glacier deposited its outermost moraine about this time. We crossdated one tilted log outside the Kaskawulsh Glacier moraine that fringes the east lobe of the glacier to AD 1717, suggesting that the east lobe may have reached its maximum extent somewhat earlier.
However, additional crossdated samples will be required to confirm this.
The tree-ring crossdates for Kaskawulsh Glacier provide the first calendar-dating of a Little Ice Age glacier advance in the Canadian portion of the St. Elias Mountains. Our results are consistent with the chronology of Little Ice Age glacier activity in adjacent mountain ranges of Alaska, which show broadly synchronous advance of glaciers in the early 17 th through early 18 th centuries.
Our Kaskawulsh Glacier story may also help resolve the mysterious drainage and lake-level history of Kluane Lake. Hugh Bostock, a Geological Survey of Canada scientist in the mid-20 th century, proposed that Little Ice Age advances of Kaskawulsh Glacier may have caused a south-flowing Slims River to reverse course, thus causing Kluane Lake to rise and eventually establish new drainage to the north via Kluane River. Drowned trees below present lake level and raised strandlines of driftwood attest to the high magnitude of lake level change, but early efforts to link these records were inconclusive due to the large errors inherent in radiocarbon dating. Our tree-ring dates for the Little Ice Age advance of Kaskawulsh Glacier, potentially a key event in the history of Kluane Lake, dramatically reduce the dating uncertainty associated with one piece of the Kluane Lake drainage history puzzle. Ongoing tree-ring studies of Kluane Lake drowned stumps and driftwood will shed even more detailed insight into the history of Kluane Lake. Future applications of tree-ring dating in southwest Yukon, using reference ring-width chronologies like the one we used to date the tilted trees at Kaskawulsh Glacier, should provide improved understanding of the timing of landscape response to recent climate change in the region. Examines how key blood parameters varied in 4 related members of the squirrel family with different life styles (arboreal vs burrowing; hibernating vs active year around) (red squirrels and Arctic ground squirrels from the Yukon, yellow pine chipmunks from Alberta, and grey squirrels from Ontario). The year-around tree squirrels are much more similar to each other than the burrowing-hibernating species. However, there are marked individual differences that do not cluster into these major differences in life style.
Boonstra, R. 2005. Equippe d for life: the adaptive role of the stress axis in male mammals. Journal of Mammalogy,

86: 236-247.
Examines the suite of traits of the stress axis associated with differences in breeding frequency in male mammals. Data collected near KLRS on Arctic Ground squirrels, snowshoe hares and red squirrels is combined with data from the literature to examine these differences. Causes are related to phylogeny (in marsupials) as well as to an interaction of environmental limitations on female reproduction, the mating system, the high costs of reproduction, and low adult survival during the nonbreeding season.
Boonstra, R. 2004. Coping with changing northern environme nts: the role of the stress axis in birds and mammals. Integrative and Comparative Biology, 44: 95-108.
Living in the north requires special adaptations to cope with the severity and unpredictability of the environment. I examine how the stress axis has been modified to allow birds and mammals to survive and breed in the north. I also explore how the stress axis will respond to and be affected by global change and persistent organochlorine pollutants. These may result in either adaptations or shifts in distribution and abundance. Demography and population dynamics of forest and alpine arctic ground squirrels was compared. Reproduction was significantly lower in the forest and results indicate that this habitat may be a sink that relies on immigration from nearby grassy meadows. Arctic ground squirrels rely on sight to detect predators from a safe distance, and the boreal forest, with its lower visibility and higher predator density, appears to be suboptimal habitat. Male arctic ground squirrels carry material in their cheek pouches more frequently and later in the summer than females. They also carry different material: females carry material for immediate use in the nest, whereas males carry food for caching. Content analysis indicates that males are highly selective in the species they cache. Many of the same species have been found in Pleistocene fossil caches from central Yukon, indicating that food preferences may have remained stable over time. Overwinter mass changes in snowshoe hares was examined using the data collected from the large-scale experiments of the Kluane Ecosystem Project of 1986-96. Mass loss was interactively explained by winter conditions, food supply, predation risk, and autumn mass. Some snowshoe hares lost mass overwinter in all years and on all treatments, suggesting that reducing body mass may facilitate survival, especially in cases where foraging costs are high energetically or increase predation risk. Modem chironomid assemblages consisting of 68 taxa were extracted from the sediments of 39 lakes in southwest Yukon and northern BC. The results show the importance of organic matter, which is associated with water depth and lake productivity, in affecting chironomid community composition. Other important factors include sediment organic matter, total phosphorus, bottom water temperature, and lake alkalinity. Five tree-ring chronologies were developed from lowelevation stands of white spruce situated in the interior boreal forest of the Shakwak Trench, Yukon Territory. The five chronologies depict similar trends in tree-ring width, suggesting a significant climatic influence on tree growth. This study demonstrates the importance of climate influences on tree growth within sites located in the interior of the boreal forest. (Link to data: http://www.lpc.uottawa.ca/data/ reconstructions/index.html)
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Construction on a new research building is well underway and completion is expected this coming summer. Facilities will include wet and dry labs, a library, and office and computer space. Below: Master-builder Lance Goodwin. Right: Sabine Nouvet paints the large service doors with help from Bronwyn. P lants in the boreal forest are an important component of the ecosystem for two main reasons. First, as vegetation, they form the physical surroundings for both herbivores and carnivores and are the basis of the physical structure of the community. Second, as primary producers, they provide the energy and nutrients to the herbivores on which higher trophic levels depend. Therefore, understanding the factors that limit the quantity and the quality of plants is fundamental. Our botanical studies focus on the herbaceous vegetation, the grasses and herbs, which are relatively abundant in the forest understory and are the primary summer food supply. These plants provide a source of relatively high quality food to herbivores. Soil nutrients, especially nitrogen, often limit the productivity of boreal forest vegetation, and may control vegetation biomass.
What Factors Control the Quantity and Quality of the Herbaceous Vegetation?
To understand some of the inter-trophic level linkages between components of the system, three hypotheses regarding the vegetation are being tested: that vegetation is controlled by (i) nutrient availability alone (bottom-up, or donor control), (ii) by herbivores alone (top-down control), and (iii) by both nutrient availability and herbivores. This involves three major experimental treatments -fertilization, herbivore exclusion using fences, and fertilization plus herbivore exclusion. These treatments allow us to make specific predictions about changes in plant biomass, or standing crop, under the three different hypotheses. Between 1990 and 2006 most of these hypotheses were directly tested in the field and have been the backbone of 6 M.Sc. and 3 PhD graduate programs.
The majority of our data support the bottom-up hypothesis that herbaceous vegetation standing crop is controlled by nutrient availability alone. With fertilization there was an overall increase in the amount, and quality, of herbaceous vegetation with grasses and some herbs increasing at the expense of low-growing woody ground cover species. The studies also indicate that the summer herbaceous vegetation is not under top-down control and that the impact of mammalian herbivory, primarily by snowshoe hares, on the vegetation is minimal. In addition we recorded a loss of seven species from our fertilized plots, and the evenness of the fertilized plots declined quite markedly. A low value of evenness indicates that some of the species are of much lower abundance than others. The repeated application of fertilizer will therefore drive many of the species to low abundance (reflected in low evenness values) and ultimately exclude some of the species from the plots as more aggressive species dominate the plots.
As global warming occurs it will have at least two direct effects -the growing season will be extended at both ends, and it will be warmer. It has been suggested that the application of nutrients to northern communities may stimulate some of the same effects in the plant community that might be produced by global environmental change. Global Jen Mundy and Aimee Pelletier (photo Ben Gilbert) changes such as increasing CO 2 concentrations, increasing deposition of nitrogen pollutants, and rising temperatures will have crucial impacts on nutrient cycles consequently leading to changes in primary production and species composition. It has been argued that climate change will increase the supply of nutrients (both nitrogen and phosphorus), by stimulating decomposition processes, and increase the rate of soil carbon accumulation. Additionally, anthropogenic impacts on the global nitrogen cycle are occurring via combustion of fossil fuels, production of nitrogen fertilizers and cultivation of nitrogen fixing legumes. In our system at Kluane we might initially expect that bryophytes, lichens, prostrate growth forms, and low nutrient-requiring species will be suppressed or eliminated by faster-growing, more upright clonal species. Clearly species, and vegetation types, with low nutrient uptake demands will be the most sensitive to the predicted changes.
The Value of Long-Term Experiments
Initial responses to fertilizer and fencing treatments were species-specific, and transient. The short-term responses measured over the first few years were poor indicators of longer term changes in community composition, and perhaps the current 17 years will be a poor indicator of longer-term trends. It is quite likely that ecosystems such as the boreal forest understory, where the herbaceous community is characterized by slow-growing long-lived plants, never attain equilibrium because the density of hares fluctuates, forests burn and climate changes constantly and slowly. This means that transient responses may be the only ones we have to work with, because permanent shifts in vegetation composition may not be evident until many years later, or may never be attained.
How Does Biodiversity Determine Ecosystem Function?
Loss of biodiversity has likely been the most dramatic change that humans have induced on ecosystems in the past century; the current global extinction rate of species is 100 -1000 times faster than pre-human levels. This loss of species will have important effects on ecosystem functioning and on the ability of a system to respond to disturbance. To investigate these questions, Jennie McLaren is using a removal experiment called "a functional group knock-out" to permit direct comparison of annual and perennial systems. She does this by removing plant functional groups (graminoids, leguminous forbs and non-leguminous forbs) individually and observing changes in community dynamics and ecosystem function. Response variables measured include both community dynamics (species frequency measures and leaf area index) and ecosystem function (above-ground biomass, above and below-ground decomposition rates [using litter bags], nutrient supply rates [using ion exchange membranes], light interception and soil water content).
Invasive Species And Invasibility Of Plant Communities
Much research on the conservation of species diversity focuses on its role as a mechanism for maintaining ecosystem functions, such as nutrient cycling, resilience following disturbance and resistance to invasion from exotic species. Species diversity results from mechanisms that promote species coexistence. A first step in conserving species diversity lies in identifying the mechanisms that allow species to coexist. The focus of Ben Gilbert's PhD research is to investigate how the composition of a community determines invasibility of that community. The research will focus on biodiversity loss, and how this alters a community's ability to resist invading species. (CATT) . It is therefore important to determine how forests in the region might be affected by climate change. Climate-associated impacts such as drought, wildfire, and insect outbreaks -already concerns in Southwestern Yukon -are projected to become more frequent and severe, affecting forest productivity, ecosystem functioning, and habitat values in the CATT. Therefore, the development of a sound, knowledge-based decision-making capacity for the region is critical. The Northern Climate Exchange, funded by Environment Canada's Northern Ecosystem Initiative, is currently coordinating a project to synthesize available information on climate change for the southwest Yukon to support informed forest management decision-making for the CATT in light of climate change. This project is intended to be the first step in a longer-term process of evaluating climate impacts, assessing risks to ecosystem and community values, and developing scenarios for adaptation.
A draft project website is now available for review, and we would greatly appreciate any comments that you may have on the information contained on this website. In particular, we are interested in refining the current list of indicators, and developing new indicators on glacial retreat, permafrost, streamflow, ice-free season, vegetation response, ecosystem dynamics and treeline movement. We are also interested in feedback on aspects of the local society and economy that are sensitive to changes in climate for which data exists and an indicator can be developed. Lastly, we are looking for assistance to ensure our compendium of information sources is complete. Please let us know if you have additional information to contribute to this effort to synthesize understanding of the relationship between climate change and forest resources in this region. 
